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accompanied by an appropriate cover sheet (37 CFR 3.28, 3.3 1 ) (check if applicable). 



□ 



$0.00 



TOTAL FEES ENCLOSED = 



$526.00 



Amount to be: 
refunded 



charged 



a. 
b. 



□ 
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The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any overpayment 
to Deposit Account No. 11-0665 A duplicate copy of this sheet is enclosed. 

Fees are to be charged to a credit card. WARNING: Information on this form may become public. Credit card 
information should not be included on this form. Provide credit card information and authorization on PTO-2038. 

NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a petition to revive (37 CFR 
1.137(a) or (b)) must be filed and granted to restore the application to pending status. 
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"Version with Markings to show Changes Made" 

Catheter with improved electrical properties, as well as an apparatus and a treatment 
method for improving electrical properties of catheters 

[Description] 

Cross-References to Related Applications 

Not applicable. 

Statement Regarding Federally Sponsored Research or Development 
Not applicable. 

Background of the Invention 
[0001] The invention relates to a catheter [in accordance with the preamble of Claim 1 or 29] 
for the ablation of biological, in particular of animal or human, tissue, preferably for the 
ablation or mapping electrode, characterized in that the at least one ablation or mapping 
electrode has a reduced number of electrical interference centers that generate 
microscopic electric potential differences, field strength maxima or microscopically 
different reaction capabilities at the electrode surface , a method for treating catheters, and 
an apparatus for carrying out the treatment of catheters. 

Technical Field 

[0002] One of the main aims in the catheter ablation of myocardial tissue is to interrupt, by 
lesions of the upper layers of the heart tissue, regions of the conduction system that can 
have a negative effect on the cardiac action. The success of a treatment depends, 
however, very substantially on whether the correct depth of lesion was achieved during 
the ablation. In this case, correct depth of lesion means in essence that the undesired 
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regions disrupting the conduction system are removed, but that no further-reaching 
injuries are introduced. It is evident that with an excessively small depth of lesion the 
success of treatment is endangered, whereas in some circumstances an excessively large 
depth produces very many relatively severe side effects. Since there are vessel walls 
running in the heart which may not be unnecessarily damaged, and also the tissue to be 
ablated is frequently only of a limited thickness, in the event of excessively large depths 
of the lesions it is even possible for lethal accidents to occur because of severed heart 
walls or heart vessels. An attempt has therefore been made in the case of conventional 
ablation methods to estimate the optimum depth of lesion by the synchronous recording 
of ECG signals on the occurrence of success in treatment. However, in this case the 
irradiated high-frequency energy was exceptionally detrimental to the recording of these 
signals, and an attempt was undertaken to mitigate such influences by means of 
appropriate electrical or electronic filters in the downstream equipment. However these 
attempts had only limited success, or none. Producing the irradiated power led to 
extremely long treatment times which are in the range of several hours and in this case 
both subject the patient to substantial stress and are unable to reliably prevent slippage of 
the ablation catheter. Furthermore, lesion is no longer possible starting from a specific 
power, since the temperature generated no longer suffices for tissue coagulation. 

Summary of the Invention 
[0003] It is therefore the object of the invention to permit the recording of ECG signals 
during catheter ablation and, in particular, to improve the quality of the recorded ECG 
signals to such an extent as to permit medical statements with reference to cardiac action. 
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[0004] This object is achieved by the invention in an exceptionally surprising way with the 
aid of a catheter according to Claim 1 or 29, a method for catheter treatment according to 
Claim 10, and an apparatus for catheter treatment according to Claim 26. 

[0005] The inventor surprisingly followed a completely different path than has previously 
been the case in the known prior art. 

[0006] Instead of subjecting the recording equipment to change or an attempt at 

improvement, the cause of interference in the recording of the ECG signals were reduced 
or even completely eliminated. 

[0007] The inventor was the first to find out that the cause of the electrical interference in the 
ECG recording during simultaneous irradiation of high-frequency energy essentially 
resides not in the leads to and from the catheter electrodes, not in the electronic recording 
devices and, in particular, not in their input filters, but in electrical interference centres in 
the region of the surface of the ablation or mapping electrodes. 

[0008] This finding was all the more surprising since every investigated ablation catheter 
with platinum electrodes exhibited such electrical interference centres, and after their 
reduction or removal, essentially after their removal from the electrode surface, was 
virtually or completely free from the undesired interference previously described. 

[0009] In accordance with the invention, in the case of a catheter for the ablation of 

biological, in particular animal or human, tissue, preferably for the ablation of human 
myocardial tissue, having at least one ablation or mapping electrode, this at least one 
ablation or mapping electrode has a reduced number of electrical interference centres. For 
example, this improves the disturbed ECG recordings illustrated in Figures 5 and 6 in 
such a way that the signals illustrated in Figure 7 or 9 can be obtained. It was also 
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established, [surprisingly, that the ECG signals were substantially improved even without 
an applied high frequency, that is to say exhibited distinctly fewer interference signals. 
In a particularly advantageous way, the electrical interference centres which generate 
electric signals during the output of high-frequency energy to the at least one ablation or 
mapping electrode and which are essentially arranged on surface regions of the at least one 
ablation or mapping electrode are reduced in their number, areal extent and/or electrical 
effect. This results in a removal or electrical deactivation of the influence of these 
interference centres. 

A particularly effective method for achieving the above successes consists in that the at 
least one ablation or mapping electrode has an electrolytically treated surface. 

In this electrolytic treatment, that is to say a treatment with the aid of an electrolyte and 
an applied voltage or impressed current, it is particularly advantageous when the treatment is 
carried out with a solution containing halogen ions, in particular chlorine ions, because then 
it is possible to observe atomic rearrangement processes on the metal surface, in particular on 
the platinum surface, which lead to an altered surface structure which has the desired positive 
properties. 

It was frequently to be observed after this treatment that structures of the surface of the at 
least one ablation or mapping electrode have a rounded surface structure whose edges have a 
radius of more than] surprisingly, that the ECG signals were substantially improved even 
without an applied high frequency, that is to say exhibited distinctly fewer interference 
signals. 

[0010] In a particularly advantageous way, the electrical interference centres which generate 
electric signals during the output of high-frequency energy to the at least one ablation or 
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mapping electrode and which are essentially arranged on surface regions of the at least 
one ablation or mapping electrode are reduced in their number, areal extent and/or 
electrical effect. This results in a removal or electrical deactivation of the influence of 
these interference centres. 

[0011] A particularly effective method for achieving the above successes consists in that the 
at least one ablation or mapping electrode has an electrolytically treated surface. An 
electrolytic method for rounding small tubular medical articles is known from 
DE 196 28 879 Al . In this method, a cathodal pin of defined diameter is inserted into the 
cavity, and an electrical potential is generated by applying an electric current between the 
internal pin and one that is connected to the anode, electrolytic internal deburring at 
corners and edges being achieved by adding an electrically conducting electrolyte. 

[0012] In the electrolytic treatment, that is to say a treatment with the aid of an electrolyte 
and an applied voltage or impressed current, it is particularly advantageous when the 
treatment is carried out with a solution containing halogen ions, in particular chlorine 
ions, because then it is possible to observe atomic rearrangement processes on the metal 
surface, in particular on the platinum surface, which lead to an altered surface structure 
which has the desired positive properties. 

[0013] It was frequently to be observed after this treatment that structures of the surface of 
the at least one ablation or mapping electrode have a rounded surface structure whose 
edges have a radius of more than approximately 500 nm, preferably of more than 100 nm, 
but at least more than 1 0 nm, and it is suspected that these surface changes already cause 
at least a portion of the reduction in the electrical interference centres or their effects. 
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[0014] It could be established after the treatment, with the aid of optical investigations of the 
discolorations of a platinum ablation electrode surface, for example, that the at least one 
ablation or mapping electrode comprises a metal whose atoms are present at the surface 
in a fashion bound at least partially atomically or in an amorphous and essentially 
non-crystalline manner. It is assumed by virtue of this rearrangement or electrolytic 
deposition by galvanic deposition processes that electric potentials present at the surface 
are compensated, for example, by grain boundaries in the metal, which is present in 
crystalline form, and that after the treatment according to the invention it is possible to 
balance out even microscopic electric crystalline potential differences, regions with field 
strength maxima or microscopically different reactive capabilities at the electrode 
surface. This mitigates the phenomena occurring, for example, during the output of HF 
energy, which are ascribed without limitation of the generality or the scope of the 
invention to locally differing ionic mobility, the point being that there is no longer any 
"turning on" by more strongly bound or less mobile polar ions which would cause the 
formation of electric potentials that are superimposed on the ECG signal. The ions which 
now move virtually identically at all locations on the surface of the ablation or mapping 
electrode no longer generate local field strength differences and also no longer disturb the 
ECG recording. 

[0015] It is therefore assumed that, when the catheter advantageously comprises a platinum 
ablation or mapping electrode, the surface of an ablation or mapping electrode is coated 
at least partially with elementary platinum. It is, however, also within the scope of the 
invention for such an atomic, essentially non-crystalline or amorphous coating also to be 
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produced, for example, using electroplating deposition techniques or generally known 
techniques for coating or plating. 

[0016] It then results in an advantageous way that the surface of the at least one ablation or 
mapping electrode comprises regions with deposited metal present essentially in an 
amorphous manner or atomically. 

[0017] In the case of the method for producing a catheter with improved electrical properties, 
in the case of which method the catheter comprises at least one ablation or mapping 
electrode, the ablation or mapping electrode, of the catheter, that is to be treated is 
immersed in a solution which contains ions whose motion can be influenced by an 
electric field; this is advantageously achieved by virtue of the fact that an electric voltage 
which generates the motion of the ions is applied between the ablation or mapping 
electrode, of the catheter, that is to be treated and a further electrode in contact with the 
solution. The ions to be moved onto the catheter electrode surface strike there and, both 
with the aid of their electric fields and, for example, their dipole moment or energy 
potentials of the atomic or molecular electron cloud and their kinetic energy, create 
interactions at the metal surface which measurably give rise to the desired electrical 
consequences of the atomic rearrangement or deposition. 

[0018] The method can be carried out with particular advantage when the solution contains 
NaCl in a range from 0.1 to 100 g/1. Furthermore, there is a particularly preferred range 
when the solution contains NaCl in an amount of approximately 7 g/1. 

[0019] Depositions at the ablation or mapping electrode surface are achieved, for example, 
whenever the solution contains ions of a metal salt. Prior surface treatments, for example 
in the case of platinum-iridium catheters, have aimed at enlarging the surface, that is to 
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say precisely to create structures that are not too smooth but rough, having a surface that 

is larger approximately by the factor 1000; however, the invention proceeds, with 

surprising success, precisely along the opposite path. 
[0020] Good results are achieved with the aid of an applied AC voltage containing 

components which have a frequency of more than 0.01 Hz and less than 10 kHz. The 

particularly preferred frequency range extends from 1 to 100 Hz and is most strongly 

preferred to be at about 10 Hz. 
[0021] Good results are achieved when the applied AC voltage is in a range from 0.1 to 

1 00 Veff. The range most strongly preferred results when the applied AC voltage is at 3 to 

7V eff . 

[0022] Instead of an applied voltage, it is also possible to impress an AC current which 
generates a voltage having the properties set forth above on the ablation or mapping 
electrode and the further electrode. The best results follow in this case when the AC 
voltage has, per ablation or mapping electrode, a current intensity of from about 1 mA e ff 
to 1 A e ff, preferably from 30 to 100 mA e ff- 

[0023] An advantageous apparatus for catheter treatment comprises a vessel for holding 
electrolytic solution and regions of the catheter as well as, during the conduct of the 
catheter treatment, an electrolytic solution, and a connection device for connecting at 
least one ablation or mapping electrode of the catheter and a further electrode to a 
voltage-generating or current-generating unit, in the case of which apparatus the ablation 
or mapping electrode and the further electrode can be wetted by the electrolyte during the 
conduct of the treatment. 
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[0024] In the case of a compact, transportable embodiment that can be used on site directly 

before treatment, the voltage-generating or current-generating unit is an internal unit 

mechanically connected to the vessel. 
[0025] In the case of a cost-effective stationary apparatus, the voltage-generating or 

current-generating unit is an external unit not mechanically connected to the vessel, for 

example an external laboratory voltage generator. 

Brief Description of the Drawings 
[0026] The invention is explained in more detail below with the aid of preferred 

embodiments and with reference to the attached drawings, in which: 
[0027] Figure 1 shows a schematic illustration of an apparatus for treating ablation 

catheters, 

[0028] Figure 2 shows a schematic illustration of an apparatus for measuring simulated 

ECG signals with and without irradiated high-frequency energy, 
[0029] Figure 3 shows a simulated ECG signal, as mapping signal, before electrode 

treatment without applied high-frequency energy, 
[0030] Figure 4 shows a simulated ECG signal, as mapping signal, after electrode 

treatment without applied high-frequency energy, 
[0031] Figure 5 shows interference in the simulated ECG signal in the case of fast, 

non-pulsed power regulation of the output high-frequency energy for a non-treated 

ablation catheter, 

[0032] Figure 6 shows interference in the simulated ECG signal in the case of fast, pulsed 
power regulation of the output high-frequency energy for a non-treated, quadrupole 
ablation catheter with cylindrical platinum ablation electrodes each 4 mm long, 
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[0033] Figure 7 shows a simulated ECG signal in the case of fast, non-pulsed power 
regulation of the output high-frequency energy for the quadrupole ablation catheter with 
cylindrical platinum ablation electrodes, each 4 mm long, from Figure 6 after its 
treatment, 

[0034] Figure 8 shows interference in the simulated ECG signal in the case of fast, pulsed 
power regulation of the output high-frequency energy for a non-treated ablation catheter 
with a cylindrical platinum ablation electrode 4 mm long, and three further mapping 
electrodes, 

[0035] Figure 9 shows a simulated ECG signal in the case of fast, pulsed power regulation 
of the output high-frequency energy for the non-treated ablation catheter from Figure 8 
with a cylindrical platinum ablation electrode 4 mm long, and three further mapping 
electrodes after its treatment, 

[0036] Figure 10 shows an electron microscope photograph of the platinum surface of the 
ablation electrode of a non-treated ablation catheter with 1 960-fold magnification, 

[0037] Figure 1 1 shows an electron microscope photograph of the platinum surface of the 
ablation electrode of the non-treated ablation catheter from Figure 10 with 6 160-fold 
magnification, 

[0038] Figure 12 shows an electron microscope photograph of the platinum surface of the 
ablation electrode of the ablation catheter from Figure 10 with 2 040-fold magnification 
after its treatment, 

[0039] Figure 13 shows an electron microscope photograph of the platinum surface of the 
ablation electrode of the ablation catheter from Figure 10 with 6 080-fold amplification 
after its treatment, 
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[0040] Figure 14 shows an AFM (atomic force microscopic) or force microscopic plot of a 
surface region of size 10 times 10 |am of an untreated platinum ablation electrode, and 

[0041] Figure 15 shows an AFM or force microscopic plot of a surface region of size 10 
times 10 |ixm of a treated platinum ablation electrode. 

Detailed Description of the Invention 

[0042] The invention is described below in more detail and with reference to the attached 
drawings. 

[0043] Reference is firstly made to Figure 1 from there may be gathered a generator 1, which 
is connected to a catheter 2, and a vessel 3 filled with electrolyte. 

[0044] In the example from Figure 1 9 the catheter is provided with at least one ablation or 
mapping electrode, which is connected to the generator 1 via a supply lead El, and with a 
further electrode, which is connected to the generator 1 via a supply lead E2. The further 
electrode can be a mapping or an ablation electrode. 

[0045] Suitable as catheters for carrying out the invention are essentially all known ablation 
catheters, in particular catheters with platinum electrodes, and the following specified 
catheters, for example, were used successfully in the investigations of the inventor: 

[0046] 1. BARD Side Winder Catheter S/N: 17009000 

[0047] 2. BARD Side Winder Catheter S/N: 1300013000 

[0048] 3. Cordis Webster Catheter Internal S/N: CW1 

[0049] 4. Cardiac Pathways Catheter S/N: G7093 13 

[0050] 5. Biotronic Catheter: AlCath Twin (non-ablation catheter, fractal Pt/Ir surface) 
[0051] 6. BARD Stinger Distal Tip ablation catheter 4mm Tip 
[0052] 8. BARD Stinger Distal Tip ablation catheter 8mm Tip 
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[0053] 9. Biotronic Catheter AlFractal, Distal Tip 
[0054] 10. Ablation catheter (fractal Pt/Ir surface) 

[0055] Use was made as generator 1 of a conventional laboratory alternating current 

generator which could generate frequencies in the range from 0.01 Hz to 10 kHz. During 
the treatment of the catheter 1 , which had platinum electrodes in the present 
embodiment, voltages were applied in a frequency range from 1 to 100 Hz, preferably at 
10 Hz, whose root-mean-square voltages were in a range from 0.1 to 100 V e ff. 

[0056] A particularly preferred range was from 1 to 10 V eff , and the most preferred AC 

voltage range was from 3 to 7 V e ff. As alternative to the voltage generator, it was possible 
to use a current generator which was regulated in the range from 1 m A e fr to 1 Ae ff , 
preferably in a range from 30 to 1 00 mA e ff, this current intensity being applied per 
ablation or mapping electrode. 

[0057] This voltage or this current was generated between the at least one ablation or 
mapping electrode of the catheter 2 and the further electrode, connected via the supply 
lead E2, or was generated between the electrode connected via the supply lead El and a 
further electrode 4 in contact with the electrolytic solution 5, the catheter 2 having been 
immersed with the electrodes to be treated in the electrolytic solution 5. 

[0058] These voltages or current intensities were applied over a current period of from 

approximately 1 second to several minutes, it being possible for measurements in the set- 
up illustrated in Figure 2 to show that a saturation could be achieved in each case which 
was accompanied by the virtually complete disappearance of interference signals. 
Thereafter, further treatment no longer yielded noticeable advantages. 
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[0059] Furthermore, it was also possible to treat more than one ablation or mapping electrode 
at the same time, for example in the case of a catheter comprising four ablation electrodes 
in the case of which only the required current intensity rose, in order to produce the same 
positive effect in the same time period for a plurality of electrodes. It was possible in this 
case to apply voltages, or to impress currents, both to neighbouring catheter electrodes 
and to the further electrode 4. 

[0060] Use was made as electrolytic solution of a halogen-ion-containing solution which 
preferably contained chlorine ions and, in a way most preferred, an NaCl solution. 

[0061] The concentration of an NaCl solution was in a range from 0.1 to 100 grams per litre 
and was preferably approximately 7 grams per litre, which corresponds approximately to 
a physiological sodium chloride solution. For lower concentrations, only longer treatment 
times resulted in conjunction with approximately equally good results. 

[0062] The catheters were essentially left in the electrolytic solution 5 until the desired 
current-reducing value of the signal transmission quality referred to the ECG signal was 
yielded upon application of AC voltage at high frequency. 

[0063] In order to check the result, use was made of the set-up illustrated in Figure 2, which 
included a vessel 6 which had a physiological NaCl solution and in which the catheter 2 
was arranged in such a way that its ablation or mapping electrode was completely wetted 
by the NaCl solution, while the catheter 2 was also connected to a conventional 
high-frequency generator 7 which was used to feed the ablation electrode of the catheter 
2 with the high-frequency energy values typical of ablation. 
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[0064] The HF field was generated by the HF generator 7 between the ablation electrode of 
the catheter 2 and a reference electrode 8, and in this way represented to a very good 
approximation a situation such as also obtains in the human heart, for example. 

[0065] An ECG simulator 9 was used to generate voltage signals which corresponded to a 
very good approximation to the electric voltages output by the human heart, both in terms 
of level and of their time profile. 

[0066] The catheter 2 was also connected to a high-frequency filter 10 which filtered out the 
high-frequency signal components fed in by the HF generator 7. Such filter arrangements 
are well known to the person skilled in the art and can correspond, for example, to the 
input filters used in the Quadra Pulse unit from AD Electronic. 

[0067] The ECG signal obtained, as tapped from the catheter, in particular from its mapping 
electrode, or even its ablation electrode, was then fed to an ECG monitor 1 1 such as is 
marketed, for example, by Physiocontrol under the designation of LIFEPAK 10 or by 
Bard as EP-Laborsystem. 

[0068] The results obtained are explained in more detail below with reference to Figures 3 to 
9. 

[0069] As long as no high-frequency energy or high-frequency voltage was fed to the 

catheter electrodes, Figures 3 and 4 prove that the recording of the ECG signals could be 
undertaken virtually without interference. 

[0070] However, if the level of the high-frequency voltage or the amount of irradiated 

high-frequency energy is regulated during the ECG recording, as is the case during a real 
ablation procedure on the patient, voltages arise which vary virtually linearly in 
proportion to the irradiated energy and are illustrated, for example, in Figure 5. 
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[0071] Regulation of the output energy in the course of a power regulation of the irradiated 
high-frequency energy therefore always leads to superimposition of interference signals 
on the ECG signals, which renders it impossible, as a rule, for the physician to make a 
statement on the success of treatment or the current condition of the heart. 

[0072] Even more difficult is the situation in the case of pulsed power regulation, as 

illustrated in Figures 6 and 8, in which figures it is virtually no longer possible to detect 
any components of the ECG signal at all. 

[0073] The high-frequency power irradiated in the case of these experiments was from 
approximately 1 to 50 W, as is entirely normal for high-frequency catheter ablation in 
human hearts. 

[0074] However, if an ablation catheter was treated in the way described above, it was 
possible in conjunction with the same experimental set-up to reduce the superimposed 
interference down to a value virtually no longer measurable, in any case by a factor of 
more than ten, as is illustrated, for example, in Figures 7 and 9. 

[0075] The ECG result illustrated in Figure 7 corresponds essentially to the set-up and the 
respective values which lead in the case of an untreated catheter to the results shown in 
Figure 5, while the results illustrated in Figure 9, which were obtained with a catheter 
treated according to the invention, corresponded to those which were shown in Figures 6 
and 8 for the untreated catheter. 

[0076] The experimental set-up, identical per se in each case, which differed only in whether 
the catheter was used directly as marketed by the respective manufacturer or whether it 
was treated in the way according to the invention, proves the great success of the present 
invention unambiguously. 
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[0077] The catheters according to the invention therefore have on their electrode surfaces 
fewer electric or electronic interference centres which can generate the superimposed 
signals. The measure of the reduction in interference is therefore a measure of the 
presence or the reduced or diminished presence of such interference centres. 

[0078] It is assumed without limitation of generality and without limiting the invention that 
the generation of such signals superimposed on the ECG signal is due to local adhesion 
sites or local extremes in the electric field strength on the surface of the catheter, at which 
ions or molecules of dipole moment can be bound with differing strength or accelerated, 
and can then, upon application of the HF voltage or HF energy, generate, because of the 
different mobility, a voltage signal which is superimposed on the ECG signal. 

[0079] The electron microscope photographs illustrated in Figures 10 to 13 were obtained in 
order to provide proof of such behaviour: as in the case of Figures 10 and 11, for 
example, they show that the catheter surface, initially sharp edged in the microstructure 
region, has soft roundings and fewer sharp ridges or furrows after the electrolytic 
treatment. 

[0080] The mechanical smoothing alone can reduce the mechanical friction of the ions on the 
surface, thus diminishing interference centres brought about thereby which are 
mechanically caused but electrically active. 

[0081] Furthermore, it was possible by optical investigations to prove the deposition or the 
presence of elementary platinum on the treated surface of the ablation or mapping 
electrode. This led to the assumption that crystalline grain boundaries or other suitable 
surface regions of the platinum, for example regions with sharp edges and high electric 
field strengths, are affected by the attack of the chlorine ions and platinum or metal atoms 

Muntermann 

(H)02MUN0018USP 16 
PCT/EP00/07942 



can be dissolved out. Platinum atoms can become detached from the metallic crystalline 
compound and be rearranged in an amorphous manner by the kinetic energy and/or the 
potentials of the electron cloud of the chlorine ions. 
[0082] A virtual detachment, that is to say a migration in the bound state of the platinum 
atom, also results in release of the atom from the crystal compound, and its 
rearrangement. 

[0083] The rounded tips of the treated surface, which are exposed to increased attack, can 
also be explained thereby, the point being that attack from several sides can take place 
precisely in these regions. 

[0084] A further alternative explanation consists in that the halogen ions cause the ion 
milling known from the vacuum processing of semiconductors, in the case of which 
mechanical removal takes place at the surface. 

[0085] The difference caused by the treatment also become very particularly clear on the 
force microscopic plots which show, for example in Figure 14, the untreated surface with 
pin-like extensions and sharp ridges and, in the case of the treated surface which is 
illustrated in Figure 15, a entirely smooth surface without pin-like extensions. 

[0086] This migration of platinum atoms can also compensate potentials present at the 
surface, for example at grain boundaries, or field strength maxima in such a way that 
even the effective electrical influence of such solid-state potentials or field strength 
maxima can be drastically reduced. 

[0087] It is therefore possible to reduce not only the areal extent of the electrical interference 
centres present before the treatment, but also their electrical effect. 
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[0088] The inventors also found out that in many cases associated with a treated catheter 
structures of the surface of the ablation or mapping electrode no longer have sharp edges, 
that is to say very small radii of curvature. In a surface section with a length, width or 
height of less than 10 jam, the edges present had a radius of more than approximately 10 
to 50 \xm. 

[0089] Sharper edges or smaller radii are either regularly reduced in number or no longer 
occur at all. In accordance with the invention, most radii of curvature of the edges were 
more than approximately 500 nm, preferably more than 100 nm, but at least more than 
10 nm. 

[0090] It is also within the scope of the invention for metal salts to be dissolved instead of 
the halogen ions or in addition to the halogen-ion-containing electrolytic solution, in 
order in this way to achieve an electroplating amorphous deposition of metal atoms on 
the metallic ablation or mapping electrode. 

[0091] It may be pointed out that catheters treated according to the invention exhibit a clearly 
improved signal quality, that is to say substantially smaller interference signals, even 
without applied high-frequency energy. This improvement is not limited to ablation 
electrodes, but can also be used successfully in the case of mapping electrodes or 
mapping catheters. 
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Patent Claims: 

1. Catheter for the ablation of biological, in particular of animal or human, tissue, preferably 
for the ablation of human myocardial tissue, having at least one ablation or mapping 
electrode, characterized in that the at least one ablation or mapping electrode has a 
reduced number of electrical interference centres which generate microscopic electric 
potential diffences, field strength maxima or microscopically different reaction 
capabilities at the electrode surface. 

2. Catheter according to Claim 1, characterized in that the electrical interference centres, 
which generate electric signals particularly during the output of high-frequency energy to 
the at least one ablation or mapping electrode, are essentially arranged on surface regions 
of the at least one ablation or mapping electrode, and are reduced in their number, areal 
extent and/or electrical effect. 

3. (Amended) Catheter according to Claim 1 [or 2], characterized in that the at least one ablation 

or mapping electrode has an electrolytically treated surface. 

4 (Amended) . Catheter according to Claim 1, [2 or 3,] characterized in that the at least one 

ablation or mapping electrode has an electrolytically treated surface which is treated with 
a solution containing halogen ions, in particular chlorine ions. 

5. (Amended) Catheter for the ablation of biological, in particular of animal or human, tissue, 
preferably for the ablation of human myocardial tissue, having at least one ablation or 
mapping electrode, in particular according to [one of the preceding claims] Claim 1, 
characterized in that structures of the surface of the at least one ablation or mapping 
electrode have a rounded surface structure whose edges or tips have a radius of curvature 
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of more than approximately 500 nm, with preference of more than 100 nm, and most 
preferably of more than 10 nm. 

6. (Amended) Catheter according to [one of the preceding claims] Claim 1, characterized in that 

the at least one ablation or mapping electrode comprises a metal whose atoms are present 
at the surface in a fashion bound at least partially atomically or in an amorphous manner 
and in an essentially non-crystalline manner. 

7. (Amended) Catheter according to [one of the preceding claims] Claim 1, characterized in that 

at least one ablation or mapping electrode comprises platinum. 

8. Catheter according to Claim 7, characterized in that the surface of the at least one 
ablation or mapping electrode is coated at least partially with elementary platinum. 

9. (Amended) Catheter according to [one of the preceding claims] Claim 1 , characterized in that 

the surface of the at least one ablation or mapping electrode comprises regions with 
deposited metal present essentially in an amorphous manner or atomically. 

10. (Amended) Method for producing a catheter with improved electrical properties, 

preferably a catheter in accordance with [one of the preceding claims] Claim 1 , in the 
case of which method the catheter comprises at least one ablation or mapping electrode, 
characterized in that the ablation or mapping electrode, of the catheter, that is to be 
treated is immersed in a solution which contains ions whose motion can be influenced by 
an electrical field, and an electric voltage is applied between the ablation or mapping 
electrode, of the catheter, that is to be treated and a further electrode in contact with the 
solution. 

1 1 . Method according to Claim 1 0, characterized in that the further electrode is an electrode 
of the catheter. 
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12. Method according to Claim 10, characterized in that the further electrode is an external 
electrode. 

13. (Amended) Method according to [one of the preceding claims] Claim 10 . 

characterized in that the solution contains halogen ions. 

14. Method according to Claim 13, characterized in that the solution contains chlorine ions. 

15. (Amended) Method according to [one of the preceding claims] Claim 10 , 

characterized in that the solution contains NaCl in a range from 0.1 to 100 g/L 

16. Method according to Claim 15, characterized in that the solution contains NaCl in an 
amount of approximately 7 g/1. 

1 7. (Amended) Method according to [one of the preceding claims] Claim 10 . 

characterized in that the solution contains ions of a metal salt. 

1 8. (Amended) Method according to [one of the preceding claims] Claim 10 , 

characterized in that the applied voltage is an AC voltage. 

1 9. Method according to Claim 1 8, characterized in that the applied AC voltage contains 
components which have a frequency of more than 0.01 Hz and less than 10 kHz. 

20. (Amended) Method according to Claim 18 [or 19], characterized in that the applied 

AC voltage contains components which are in a frequency range from 1 to 100 Hz, 
preferably at 10 Hz. 

2 1 . (Amended) Method according to [one of the preceding claims] Claim 10 , 

characterized in that the applied AC voltage is in a range from 0.1 to 100 V e ff. 

22. Method according to Claim 20, characterized in that the applied AC voltage is in a range 
from 1 to 10 Veif. 
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23. Method according to Claim 20, characterized in that the applied AC voltage is at 3 to 

7V eff . 

24. (Amended) Method according to [one of Claims 10 to 17] Claim 10 , characterized in 

that an AC current which generates [a voltage having the properties set forth in Claims 1 8 
to 23] an AC voltage is impressed on the ablation or mapping electrode and the further 
electrode. 

25. Method according to Claim 24, characterized in that the AC voltage has, per ablation or 
mapping electrode, a current intensity of from 1 mA e ff to 1 A e fr, preferably from 30 to 
100 mAeff. 

26. (Amended) Apparatus for catheter treatment, for carrying out a method according to 

[one of Claims 10 to 25] Claim 10 , comprising a vessel for holding electrolytic solution 
and regions of the catheter as well as, during the conduct of the catheter treatment, an 
electrolytic solution, and a connection device for connecting at least one ablation or 
mapping electrode of the catheter and a further electrode to a voltage-generating or 
current-generating unit, in the case of which apparatus the ablation or mapping electrode 
and the further electrode can be wetted by the electrolyte during the conduct of the 
treatment. 

27. Apparatus for catheter treatment according to Claim 26, in the case of which the voltage- 
generating or current-generating unit is an internal unit mechanically connected to the 
vessel. 

28. Apparatus for catheter treatment according to Claim 26, in the case of which the 
voltage-generating or current-generating unit is an external unit not mechanically 
connected to the vessel. 
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29. (Amended) Catheter for the ablation of biological, in particular of animal or human, 

tissue, preferably for the ablation of human myocardial tissue, having at least one 
ablation or mapping electrode, characterized by being produced or treated in accordance 
with a method according to [one of Claims 10 to 25] Claim 10 . 
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Catheter with improved electrical properties, as well as an apparatus and a treatment 



method for improving electrical properties of catheters 

Cross-References to Related Applications 

Not applicable. 

Statement Regarding Federally Sponsored Research or Development 
Not applicable. 

Background of the Invention 
[0001] The invention relates to a catheter for the ablation of biological, in particular of 
animal or human, tissue, preferably for the ablation or mapping electrode, characterized 
in that the at least one ablation or mapping electrode has a reduced number of electrical 
interference centers that generate microscopic electric potential differences, field strength 
maxima or microscopically different reaction capabilities at the electrode surface, a 
method for treating catheters, and an apparatus for carrying out the treatment of catheters. 

Technical Field 

[0002] One of the main aims in the catheter ablation of myocardial tissue is to interrupt, by 
lesions of the upper layers of the heart tissue, regions of the conduction system that can 
have a negative effect on the cardiac action. The success of a treatment depends, 
however, very substantially on whether the correct depth of lesion was achieved during 
the ablation. In this case, correct depth of lesion means in essence that the undesired 
regions disrupting the conduction system are removed, but that no further-reaching 
injuries are introduced. It is evident that with an excessively small depth of lesion the 
success of treatment is endangered, whereas in some circumstances an excessively large 
depth produces very many relatively severe side effects. Since there are vessel walls 
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running in the heart which may not be unnecessarily damaged, and also the tissue to be 
ablated is frequently only of a limited thickness, in the event of excessively large depths 
of the lesions it is even possible for lethal accidents to occur because of severed heart 
walls or heart vessels. An attempt has therefore been made in the case of conventional 
ablation methods to estimate the optimum depth of lesion by the synchronous recording 
of ECG signals on the occurrence of success in treatment. However, in this case the 
irradiated high-frequency energy was exceptionally detrimental to the recording of these 
signals, and an attempt was undertaken to mitigate such influences by means of 
appropriate electrical or electronic filters in the downstream equipment. However these 
attempts had only limited success, or none. Producing the irradiated power led to 
extremely long treatment times which are in the range of several hours and in this case 
both subject the patient to substantial stress and are unable to reliably prevent slippage of 
the ablation catheter. Furthermore, lesion is no longer possible starting from a specific 
power, since the temperature generated no longer suffices for tissue coagulation. 

Summary of the Invention 

[0003] It is therefore the object of the invention to permit the recording of ECG signals 
during catheter ablation and, in particular, to improve the quality of the recorded ECG 
signals to such an extent as to permit medical statements with reference to cardiac action. 

[0004] This object is achieved by the invention in an exceptionally surprising way with the 
aid of a catheter according to Claim 1 or 29, a method for catheter treatment according to 
Claim 10, and an apparatus for catheter treatment according to Claim 26. 

[0005] The inventor surprisingly followed a completely different path than has previously 
been the case in the known prior art. 
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[0006] Instead of subjecting the recording equipment to change or an attempt at 

improvement, the cause of interference in the recording of the ECG signals were reduced 
or even completely eliminated. 

[0007] The inventor was the first to find out that the cause of the electrical interference in the 
ECG recording during simultaneous irradiation of high-frequency energy essentially 
resides not in the leads to and from the catheter electrodes, not in the electronic recording 
devices and, in particular, not in their input filters, but in electrical interference centres in 
the region of the surface of the ablation or mapping electrodes. 

[0008] This finding was all the more surprising since every investigated ablation catheter 
with platinum electrodes exhibited such electrical interference centres, and after their 
reduction or removal, essentially after their removal from the electrode surface, was 
virtually or completely free from the undesired interference previously described. 

[0009] In accordance with the invention, in the case of a catheter for the ablation of 

biological, in particular animal or human, tissue, preferably for the ablation of human 
myocardial tissue, having at least one ablation or mapping electrode, this at least one 
ablation or mapping electrode has a reduced number of electrical interference centres. For 
example, this improves the disturbed ECG recordings illustrated in Figures 5 and 6 in 
such a way that the signals illustrated in Figure 7 or 9 can be obtained. It was also 
established, surprisingly, that the ECG signals were substantially improved even without 
an applied high frequency, that is to say exhibited distinctly fewer interference signals. 

[0010] In a particularly advantageous way, the electrical interference centres which generate 
electric signals during the output of high-frequency energy to the at least one ablation or 
mapping electrode and which are essentially arranged on surface regions of the at least 
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one ablation or mapping electrode are reduced in their number, areal extent and/or 
electrical effect. This results in a removal or electrical deactivation of the influence of 
these interference centres. 

[0011] A particularly effective method for achieving the above successes consists in that the 
at least one ablation or mapping electrode has an electrolytically treated surface. An 
electrolytic method for rounding small tubular medical articles is known from 
DE 196 28 879 Al. In this method, a cathodal pin of defined diameter is inserted into the 
cavity, and an electrical potential is generated by applying an electric current between the 
internal pin and one that is connected to the anode, electrolytic internal deburring at 
comers and edges being achieved by adding an electrically conducting electrolyte. 

[0012] In the electrolytic treatment, that is to say a treatment with the aid of an electrolyte 
and an applied voltage or impressed current, it is particularly advantageous when the 
treatment is carried out with a solution containing halogen ions, in particular chlorine 
ions, because then it is possible to observe atomic rearrangement processes on the metal 
surface, in particular on the platinum surface, which lead to an altered surface structure 
which has the desired positive properties. 

[0013] It was frequently to be observed after this treatment that structures of the surface of 
the at least one ablation or mapping electrode have a rounded surface structure whose 
edges have a radius of more than approximately 500 nm, preferably of more than 100 nm, 
but at least more than 1 0 nm, and it is suspected that these surface changes already cause 
at least a portion of the reduction in the electrical interference centres or their effects. 

[0014] It could be established after the treatment, with the aid of optical investigations of the 
discolorations of a platinum ablation electrode surface, for example, that the at least one 
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ablation or mapping electrode comprises a metal whose atoms are present at the surface 
in a fashion bound at least partially atomically or in an amorphous and essentially 
non-crystalline manner. It is assumed by virtue of this rearrangement or electrolytic 
deposition by galvanic deposition processes that electric potentials present at the surface 
are compensated, for example, by grain boundaries in the metal, which is present in 
crystalline form, and that after the treatment according to the invention it is possible to 
balance out even microscopic electric crystalline potential differences, regions with field 
strength maxima or microscopically different reactive capabilities at the electrode 
surface. This mitigates the phenomena occurring, for example, during the output of HF 
energy, which are ascribed without limitation of the generality or the scope of the 
invention to locally differing ionic mobility, the point being that there is no longer any 
"turning on" by more strongly bound or less mobile polar ions which would cause the 
formation of electric potentials that are superimposed on the ECG signal. The ions which 
now move virtually identically at all locations on the surface of the ablation or mapping 
electrode no longer generate local field strength differences and also no longer disturb the 
ECG recording. 

[0015] It is therefore assumed that, when the catheter advantageously comprises a platinum 
ablation or mapping electrode, the surface of an ablation or mapping electrode is coated 
at least partially with elementary platinum. It is, however, also within the scope of the 
invention for such an atomic, essentially non-crystalline or amorphous coating also to be 
produced, for example, using electroplating deposition techniques or generally known 
techniques for coating or plating. 
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[0016] It then results in an advantageous way that the surface of the at least one ablation or 
mapping electrode comprises regions with deposited metal present essentially in an 
amorphous manner or atomically. 

[0017] In the case of the method for producing a catheter with improved electrical properties, 
in the case of which method the catheter comprises at least one ablation or mapping 
electrode, the ablation or mapping electrode, of the catheter, that is to be treated is 
immersed in a solution which contains ions whose motion can be influenced by an 
electric field; this is advantageously achieved by virtue of the fact that an electric voltage 
which generates the motion of the ions is applied between the ablation or mapping 
electrode, of the catheter, that is to be treated and a further electrode in contact with the 
solution. The ions to be moved onto the catheter electrode surface strike there and, both 
with the aid of their electric fields and, for example, their dipole moment or energy 
potentials of the atomic or molecular electron cloud and their kinetic energy, create 
interactions at the metal surface which measurably give rise to the desired electrical 
consequences of the atomic rearrangement or deposition. 

[0018] The method can be carried out with particular advantage when the solution contains 
NaCl in a range from 0.1 to 100 g/L Furthermore, there is a particularly preferred range 
when the solution contains NaCl in an amount of approximately 7 g/1. 

[0019] Depositions at the ablation or mapping electrode surface are achieved, for example, 
whenever the solution contains ions of a metal salt. Prior surface treatments, for example 
in the case of platinum-iridium catheters, have aimed at enlarging the surface, that is to 
say precisely to create structures that are not too smooth but rough, having a surface that 
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is larger approximately by the factor 1000; however, the invention proceeds, with 

surprising success, precisely along the opposite path. 
[0020] Good results are achieved with the aid of an applied AC voltage containing 

components which have a frequency of more than 0.01 Hz and less than 10 kHz. The 

particularly preferred frequency range extends from 1 to 100 Hz and is most strongly 

preferred to be at about 10 Hz. 
[0021] Good results are achieved when the applied AC voltage is in a range from 0.1 to 

1 00 V e ff. The range most strongly preferred results when the applied AC voltage is at 3 to 

7V eff . 

[0022] Instead of an applied voltage, it is also possible to impress an AC current which 
generates a voltage having the properties set forth above on the ablation or mapping 
electrode and the further electrode. The best results follow in this case when the AC 
voltage has, per ablation or mapping electrode, a current intensity of from about 1 mA^ 
to 1 Aeff, preferably from 30 to 100 mA e ff. 

[0023] An advantageous apparatus for catheter treatment comprises a vessel for holding 
electrolytic solution and regions of the catheter as well as, during the conduct of the 
catheter treatment, an electrolytic solution, and a connection device for connecting at 
least one ablation or mapping electrode of the catheter and a further electrode to a 
voltage-generating or current-generating unit, in the case of which apparatus the ablation 
or mapping electrode and the further electrode can be wetted by the electrolyte during the 
conduct of the treatment. 
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[0024] In the case of a compact, transportable embodiment that can be used on site directly 

before treatment, the voltage-generating or current-generating unit is an internal unit 

mechanically connected to the vessel. 
[0025] In the case of a cost-effective stationary apparatus, the voltage-generating or 

current-generating unit is an external unit not mechanically connected to the vessel, for 

example an external laboratory voltage generator. 

Brief Description of the Drawings 
[0026] The invention is explained in more detail below with the aid of preferred 

embodiments and with reference to the attached drawings, in which: 
[0027] Figure 1 shows a schematic illustration of an apparatus for treating ablation 

catheters, 

[0028] Figure 2 shows a schematic illustration of an apparatus for measuring simulated 

ECG signals with and without irradiated high-frequency energy, 
[0029] Figure 3 shows a simulated ECG signal, as mapping signal, before electrode 

treatment without applied high-frequency energy, 
[0030] Figure 4 shows a simulated ECG signal, as mapping signal, after electrode 

treatment without applied high-frequency energy, 
[0031] Figure 5 shows interference in the simulated ECG signal in the case of fast, 

non-pulsed power regulation of the output high-frequency energy for a non-treated 

ablation catheter, 

[0032] Figure 6 shows interference in the simulated ECG signal in the case of fast, pulsed 
power regulation of the output high-frequency energy for a non-treated, quadrupole 
ablation catheter with cylindrical platinum ablation electrodes each 4 mm long, 
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[0033] Figure 7 shows a simulated ECG signal in the case of fast, non-pulsed power 
regulation of the output high-frequency energy for the quadrupole ablation catheter with 
cylindrical platinum ablation electrodes, each 4 mm long, from Figure 6 after its 
treatment, 

[0034] Figure 8 shows interference in the simulated ECG signal in the case of fast, pulsed 
power regulation of the output high-frequency energy for a non-treated ablation catheter 
with a cylindrical platinum ablation electrode 4 mm long, and three further mapping 
electrodes, 

[0035] Figure 9 shows a simulated ECG signal in the case of fast, pulsed power regulation 
of the output high-frequency energy for the non-treated ablation catheter from Figure 8 
with a cylindrical platinum ablation electrode 4 mm long, and three further mapping 
electrodes after its treatment, 

[0036] Figure 10 shows an electron microscope photograph of the platinum surface of the 
ablation electrode of a non-treated ablation catheter with 1 960-fold magnification, 

[0037] Figure 1 1 shows an electron microscope photograph of the platinum surface of the 
ablation electrode of the non-treated ablation catheter from Figure 10 with 6 160-fold 
magnification, 

[0038] Figure 12 shows an electron microscope photograph of the platinum surface of the 
ablation electrode of the ablation catheter from Figure 1 0 with 2 040-fold magnification 
after its treatment, 

[0039] Figure 13 shows an electron microscope photograph of the platinum surface of the 
ablation electrode of the ablation catheter from Figure 10 with 6 080-fold amplification 
after its treatment, 
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[0040] Figure 14 shows an AFM (atomic force microscopic) or force microscopic plot of a 
surface region of size 10 times 10 (im of an untreated platinum ablation electrode, and 

[0041] Figure 15 shows an AFM or force microscopic plot of a surface region of size 10 
times 10 jam of a treated platinum ablation electrode. 

Detailed Description of the Invention 

[0042] The invention is described below in more detail and with reference to the attached 
drawings. 

[0043] Reference is firstly made to Figure 1 from there may be gathered a generator 1 , which 

is connected to a catheter 2, and a vessel 3 filled with electrolyte. 
[0044] In the example from Figure 1 , the catheter is provided with at least one ablation or 

mapping electrode, which is connected to the generator 1 via a supply lead El, and with a . 

further electrode, which is connected to the generator 1 via a supply lead E2. The further 

electrode can be a mapping or an ablation electrode. 
[0045] Suitable as catheters for carrying out the invention are essentially all known ablation 

catheters, in particular catheters with platinum electrodes, and the following specified 

catheters, for example, were used successfully in the investigations of the inventor: 
[0046] 1. BARD Side Winder Catheter S/N: 17009000 
[0047] 2. BARD Side Winder Catheter S/N: 1300013000 
[0048] 3. Cordis Webster Catheter Internal S/N: CW1 
[0049] 4. Cardiac Pathways Catheter S/N: G7093 1 3 

[0050] 5. Biotronic Catheter: AlCath Twin (non-ablation catheter, fractal Pt/Ir surface) 
[0051] 6. BARD Stinger Distal Tip ablation catheter 4mm Tip 
[0052] 8. BARD Stinger Distal Tip ablation catheter 8mm Tip 
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[0053] 9. Biotronic Catheter AlFractal, Distal Tip 
[0054] 10. Ablation catheter (fractal Pt/Ir surface) 

[0055] Use was made as generator 1 of a conventional laboratory alternating current 

generator which could generate frequencies in the range from 0.01 Hz to 10 kHz. During 
the treatment of the catheter 1, which had platinum electrodes in the present 
embodiment, voltages were applied in a frequency range from 1 to 100 Hz, preferably at 
10 Hz, whose root-mean-square voltages were in a range from 0.1 to 100 V e ff. 

[0056] A particularly preferred range was from 1 to 10 V e m and the most preferred AC 

voltage range was from 3 to 7 V e fr. As alternative to the voltage generator, it was possible 
to use a current generator which was regulated in the range from 1 mA^ to 1 A^ff, 
preferably in a range from 30 to 1 00 mA e ff, this current intensity being applied per 
ablation or mapping electrode. 

[0057] This voltage or this current was generated between the at least one ablation or 
mapping electrode of the catheter 2 and the further electrode, connected via the supply 
lead E2, or was generated between the electrode connected via the supply lead El and a 
further electrode 4 in contact with the electrolytic solution 5, the catheter 2 having been 
immersed with the electrodes to be treated in the electrolytic solution 5. 

[0058] These voltages or current intensities were applied over a current period of from 

approximately 1 second to several minutes, it being possible for measurements in the set- 
up illustrated in Figure 2 to show that a saturation could be achieved in each case which 
was accompanied by the virtually complete disappearance of interference signals. 
Thereafter, further treatment no longer yielded noticeable advantages. 
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[0059] Furthermore, it was also possible to treat more than one ablation or mapping electrode 
at the same time, for example in the case of a catheter comprising four ablation electrodes 
in the case of which only the required current intensity rose, in order to produce the same 
positive effect in the same time period for a plurality of electrodes. It was possible in this 
case to apply voltages, or to impress currents, both to neighbouring catheter electrodes 
and to the further electrode 4. 

[0060] Use was made as electrolytic solution of a halogen-ion-containing solution which 
preferably contained chlorine ions and, in a way most preferred, an NaCl solution. 

[0061] The concentration of an NaCl solution was in a range from 0.1 to 100 grams per litre 
and was preferably approximately 7 grams per litre, which corresponds approximately to 
a physiological sodium chloride solution. For lower concentrations, only longer treatment 
times resulted in conjunction with approximately equally good results. 

[0062] The catheters were essentially left in the electrolytic solution 5 until the desired 
current-reducing value of the signal transmission quality referred to the ECG signal was 
yielded upon application of AC voltage at high frequency. 

[0063] In order to check the result, use was made of the set-up illustrated in Figure 2, which 
included a vessel 6 which had a physiological NaCl solution and in which the catheter 2 
was arranged in such a way that its ablation or mapping electrode was completely wetted 
by the NaCl solution, while the catheter 2 was also connected to a conventional 
high-frequency generator 7 which was used to feed the ablation electrode of the catheter 
2 with the high-frequency energy values typical of ablation. 



Muntermann 

(H)02MUN0018USP 

PCT/EP00/07942 



12 



[0064] The HF field was generated by the HF generator 7 between the ablation electrode of 
the catheter 2 and a reference electrode 8, and in this way represented to a very good 
approximation a situation such as also obtains in the human heart, for example. 

[0065] An ECG simulator 9 was used to generate voltage signals which corresponded to a 
very good approximation to the electric voltages output by the human heart, both in terms 
of level and of their time profile. 

[0066] The catheter 2 was also connected to a high-frequency filter 10 which filtered out the 
high-frequency signal components fed in by the HF generator 7. Such filter arrangements 
are well known to the person skilled in the art and can correspond, for example, to the 
input filters used in the Quadra Pulse unit from AD Electronic. 

[0067] The ECG signal obtained, as tapped from the catheter, in particular from its mapping 
electrode, or even its ablation electrode, was then fed to an ECG monitor 1 1 such as is 
marketed, for example, by Physiocontrol under the designation of LIFEPAK 10 or by 
Bard as EP-Laborsystem. 

[0068] The results obtained are explained in more detail below with reference to Figures 3 to 
9. 

[0069] As long as no high-frequency energy or high-frequency voltage was fed to the 

catheter electrodes, Figures 3 and 4 prove that the recording of the ECG signals could be 
undertaken virtually without interference. 

[0070] However, if the level of the high-frequency voltage or the amount of irradiated 

high-frequency energy is regulated during the ECG recording, as is the case during a real 
ablation procedure on the patient, voltages arise which vary virtually linearly in 
proportion to the irradiated energy and are illustrated, for example, in Figure 5. 
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[0071] Regulation of the output energy in the course of a power regulation of the irradiated 
high-frequency energy therefore always leads to superimposition of interference signals 
on the ECG signals, which renders it impossible, as a rule, for the physician to make a 
statement on the success of treatment or the current condition of the heart. 

[0072] Even more difficult is the situation in the case of pulsed power regulation, as 

illustrated in Figures 6 and 8, in which figures it is virtually no longer possible to detect 
any components of the ECG signal at all. 

[0073] The high-frequency power irradiated in the case of these experiments was from 
approximately 1 to 50 W, as is entirely normal for high-frequency catheter ablation in 
human hearts. 

[0074] However, if an ablation catheter was treated in the way described above, it was 
possible in conjunction with the same experimental set-up to reduce the superimposed 
interference down to a value virtually no longer measurable, in any case by a factor of 
more than ten, as is illustrated, for example, in Figures 7 and 9. 

[0075] The ECG result illustrated in Figure 7 corresponds essentially to the set-up and the 
respective values which lead in the case of an untreated catheter to the results shown in 
Figure 5, while the results illustrated in Figure 9, which were obtained with a catheter 
treated according to the invention, corresponded to those which were shown in Figures 6 
and 8 for the untreated catheter. 

[0076] The experimental set-up, identical per se in each case, which differed only in whether 
the catheter was used directly as marketed by the respective manufacturer or whether it 
was treated in the way according to the invention, proves the great success of the present 
invention unambiguously. 
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[0077] The catheters according to the invention therefore have on their electrode surfaces 
fewer electric or electronic interference centres which can generate the superimposed 
signals. The measure of the reduction in interference is therefore a measure of the 
presence or the reduced or diminished presence of such interference centres. 

[0078] It is assumed without limitation of generality and without limiting the invention that 
the generation of such signals superimposed on the ECG signal is due to local adhesion 
sites or local extremes in the electric field strength on the surface of the catheter, at which 
ions or molecules of dipole moment can be bound with differing strength or accelerated, 
and can then, upon application of the HF voltage or HF energy, generate, because of the 
different mobility, a voltage signal which is superimposed on the ECG signal. 

[0079] The electron microscope photographs illustrated in Figures 10 to 13 were obtained in 
order to provide proof of such behaviour: as in the case of Figures 10 and 11, for 
example, they show that the catheter surface, initially sharp edged in the microstructure 
region, has soft roundings and fewer sharp ridges or furrows after the electrolytic 
treatment. 

[0080] The mechanical smoothing alone can reduce the mechanical friction of the ions on the 
surface, thus diminishing interference centres brought about thereby which are 
mechanically caused but electrically active. 

[0081] Furthermore, it was possible by optical investigations to prove the deposition or the 
presence of elementary platinum on the treated surface of the ablation or mapping 
electrode. This led to the assumption that crystalline grain boundaries or other suitable 
surface regions of the platinum, for example regions with sharp edges and high electric 
field strengths, are affected by the attack of the chlorine ions and platinum or metal atoms 

Muntermann 

(H)02MUN0018USP 15 
PCT/EP00/07942 



can be dissolved out. Platinum atoms can become detached from the metallic crystalline 
compound and be rearranged in an amorphous manner by the kinetic energy and/or the 
potentials of the electron cloud of the chlorine ions. 
[0082] A virtual detachment, that is to say a migration in the bound state of the platinum 
atom, also results in release of the atom from the crystal compound, and its 
rearrangement. 

[0083] The rounded tips of the treated surface, which are exposed to increased attack, can 
also be explained thereby, the point being that attack from several sides can take place 
precisely in these regions. 

[0084] A further alternative explanation consists in that the halogen ions cause the ion 
milling known from the vacuum processing of semiconductors, in the case of which 
mechanical removal takes place at the surface. 

[0085] The difference caused by the treatment also become very particularly clear on the 
force microscopic plots which show, for example in Figure 14, the untreated surface with 
pin-like extensions and sharp ridges and, in the case of the treated surface which is 
illustrated in Figure 15, a entirely smooth surface without pin-like extensions. 

[0086] This migration of platinum atoms can also compensate potentials present at the 
surface, for example at grain boundaries, or field strength maxima in such a way that 
even the effective electrical influence of such solid-state potentials or field strength 
maxima can be drastically reduced. 

[0087] It is therefore possible to reduce not only the areal extent of the electrical interference 
centres present before the treatment, but also their electrical effect. 
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[0088] The inventors also found out that in many cases associated with a treated catheter 
structures of the surface of the ablation or mapping electrode no longer have sharp edges, 
that is to say very small radii of curvature. In a surface section with a length, width or 
height of less than 10 |am, the edges present had a radius of more than approximately 10 
to 50 \xm. 

[0089] Sharper edges or smaller radii are either regularly reduced in number or no longer 
occur at all. In accordance with the invention, most radii of curvature of the edges were 
more than approximately 500 nm, preferably more than 100 nm, but at least more than 
10 nm. 

[0090] It is also within the scope of the invention for metal salts to be dissolved instead of 
the halogen ions or in addition to the halogen-ion-containing electrolytic solution, in 
order in this way to achieve an electroplating amorphous deposition of metal atoms on 
the metallic ablation or mapping electrode. 

[0091] It may be pointed out that catheters treated according to the invention exhibit a clearly 
improved signal quality, that is to say substantially smaller interference signals, even 
without applied high-frequency energy. This improvement is not limited to ablation 
electrodes, but can also be used successfully in the case of mapping electrodes or 
mapping catheters. 
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Patent Claims: 

1. Catheter for the ablation of biological, in particular of animal or human, tissue, preferably 
for the ablation of human myocardial tissue, having at least one ablation or mapping 
electrode, characterized in that the at least one ablation or mapping electrode has a 
reduced number of electrical interference centres which generate microscopic electric 
potential diffences, field strength maxima or microscopically different reaction 
capabilities at the electrode surface. 

2. Catheter according to Claim 1 , characterized in that the electrical interference centres, 
which generate electric signals particularly during the output of high-frequency energy to 
the at least one ablation or mapping electrode, are essentially arranged on surface regions 
of the at least one ablation or mapping electrode, and are reduced in their number, areal 
extent and/or electrical effect. 

3. (Amended) Catheter according to Claim 1, characterized in that the at least one ablation or 

mapping electrode has an electrolytically treated surface. 

4. (Amended) Catheter according to Claim 1, characterized in that the at least one ablation or 

mapping electrode has an electrolytically treated surface which is treated with a solution 
containing halogen ions, in particular chlorine ions. 

5. (Amended) Catheter for the ablation of biological, in particular of animal or human, tissue, 

preferably for the ablation of human myocardial tissue, having at least one ablation or 
mapping electrode, in particular according to Claim 1 , characterized in that structures of 
the surface of the at least one ablation or mapping electrode have a rounded surface 
structure whose edges or tips have a radius of curvature of more than approximately 
500 nm, with preference of more than 100 nm, and most preferably of more than 10 nm. 

Muntermann 

(H)02MUN0018USP 18 
PCT/EP00/07942 



6. (Amended) Catheter according to Claim 1, characterized in that the at least one ablation or 

mapping electrode comprises a metal whose atoms are present at the surface in a fashion 
bound at least partially atomically or in an amorphous manner and in an essentially J 
non-crystalline manner. 

7. (Amended) Catheter according to Claim 1, characterized in that at least one ablation or 

mapping electrode comprises platinum. 

8. Catheter according to Claim 7, characterized in that the surface of the at least one 
ablation or mapping electrode is coated at least partially with elementary platinum. 

9. (Amended) Catheter according to Claim 1, characterized in that the surface of the at least one 

ablation or mapping electrode comprises regions with deposited metal present essentially 
in an amorphous manner or atomically. 

10. (Amended) Method for producing a catheter with improved electrical properties, 

preferably a catheter in accordance with Claim 1 , in the case of which method the 
catheter comprises at least one ablation or mapping electrode, characterized in that the 
ablation or mapping electrode, of the catheter, that is to be treated is immersed in a 
solution which contains ions whose motion can be influenced by an electrical field, and 
an electric voltage is applied between the ablation or mapping electrode, of the catheter, 
that is to be treated and a further electrode in contact with the solution. 

11. Method according to Claim 10, characterized in that the further electrode is an electrode 
of the catheter. 

12. Method according to Claim 10, characterized in that the further electrode is an external 
electrode. 
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13. (Amended) Method according to Claim 10, characterized in that the solution contains 

halogen ions. 

14. Method according to Claim 13, characterized in that the solution contains chlorine ions. 

15. (Amended) Method according to Claim 10, characterized in that the solution contains 

NaCl in a range from 0.1 to 100 g/L 

16. Method according to Claim 15, characterized in that the solution contains NaCl in an 
amount of approximately 7 g/1. 

17. (Amended) Method according to Claim 10, characterized in that the solution contains 

ions of a metal salt. 

18. (Amended) Method according to Claim 10, characterized in that the applied voltage is 

an AC voltage. 

19. Method according to Claim 1 8, characterized in that the applied AC voltage contains 
components which have a frequency of more than 0.01 Hz and less than 10 kHz. 

20. (Amended) Method according to Claim 1 8, characterized in that the applied AC 

voltage contains components which are in a frequency range from 1 to 100 Hz, preferably 
at 10 Hz. 

21 . (Amended) Method according to Claim 10, characterized in that the applied AC 

voltage is in a range from 0.1 to 100 V e ff. 

22. Method according to Claim 20, characterized in that the applied AC voltage is in a range 
from 1 to 10 Vcff. 

23. Method according to Claim 20, characterized in that the applied AC voltage is at 3 to 
7V eff - 
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24. (Amended) Method according to Claim 10, characterized in that an AC current which 

generates an AC voltage is impressed on the ablation or mapping electrode and the 
further electrode. 

25. Method according to Claim 24, characterized in that the AC voltage has, per ablation or 
mapping electrode, a current intensity of from 1 mA e ff to 1 A e fr, preferably from 30 to 
lOOmAeff. 

26. (Amended) Apparatus for catheter treatment, for carrying out a method according to 

Claim 10, comprising a vessel for holding electrolytic solution and regions of the catheter 
as well as, during the conduct of the catheter treatment, an electrolytic solution, and a 
connection device for connecting at least one ablation or mapping electrode of the 
catheter and a further electrode to a voltage-generating or current-generating unit, in the 
case of which apparatus the ablation or mapping electrode and the further electrode can 
be wetted by the electrolyte during the conduct of the treatment. 

27. Apparatus for catheter treatment according to Claim 26, in the case of which the voltage- 
generating or current-generating unit is an internal unit mechanically connected to the 
vessel. 

28. Apparatus for catheter treatment according to Claim 26, in the case of which the 
voltage-generating or current-generating unit is an external unit not mechanically 
connected to the vessel. 

29. (Amended) Catheter for the ablation of biological, in particular of animal or human, 

tissue, preferably for the ablation of human myocardial tissue, having at least one 
ablation or mapping electrode, characterized by being produced or treated in accordance 
with a method according to Claim 1 0. 
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Abstract of the Disclosure 
In order in the case of a catheter for the ablation of biological, in particular of animal or 
human, tissue, preferably for the ablation of human myocardial tissue, having at least one 
ablation or mapping electrode to permit the recording of ECG signals during catheter ablation 
and, in particular, to improve the quality of the recorded ECG signals to such an extent as to 
permit medical statements with reference to cardiac action, it is provided that the at least one 
ablation or mapping electrode has a reduced number of electrical interference centres. 
Furthermore, the invention provides methods and apparatuses with the aid of which conventional 
catheters can be treated in such a way that these interference centres are reduced. 
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Abstract of the Disclosure 
In order in the case of a catheter for the ablation of biological, in particular of animal or 
human, tissue, preferably for the ablation of human myocardial tissue, having at least one 
ablation or mapping electrode to permit the recording of ECG signals during catheter ablation 
and, in particular, to improve the quality of the recorded ECG signals to such an extent as to 
permit medical statements with reference to cardiac action, it is provided that the at least one 
ablation or mapping electrode has a reduced number of electrical interference centres. 
Furthermore, the invention provides methods and apparatuses with the aid of which conventional 
catheters can be treated in such a way that these interference centres are reduced. 
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Figure 3 
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Mapping signal before electrode treatment without applied high-frequency energy 



Figure 4 
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Mapping signal after electrode treatment without applied high-frequency energy 
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Figure 5 




Interference in the simulated ECG signal in the case of fast, non-pulsed power regulation of the 
output high-frequency energy for a non-treated ablation catheter 



Figure 6 




Interference in the simulated ECG signal in the case of fast, pulsed power regulation of the output 
high-frequency energy for a non-treated, quadrupole ablation catheter with cylindrical platinum 
ablation electrodes each 4 mm long 
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Figure 7 
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P/N 804700 

Simulated ECG signal in the case of fast, non-pulsed 
power regulation of the output high-frequency energy 
for the quadrupole ablation catheter with cylindrical 
platinum ablation electrodes each 4 mm long, from 
Figure 6 after its treatment 

Figure 8 



P/N 604700 

Interference in the simulated ECG signal in the case of 
fast, pulsed power regulation of the output 
high-frequency energy for a non-treated ablation 
catheter with a cylindrical platinum ablation electrode 
4 mm long, and three further mapping electrodes 



99MUN1344DEP 



Figure 9 



Simulated ECG signal in the case of fast, pulsed power 
regulation of the output high-frequency energy for the 
non-treated ablation catheter from Figure 8 with a 
cylindrical platinum ablation electrode 4 mm long, and 
three further mapping electrodes after its treatment 
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Catheter with improved electrical properties, as well 
as an apparatus and a treatment method for improving 
electrical properties of catheters 

5 Description 

The invention relates to a catheter in accordance with 
the preamble of Claim 1 or 29, a method for treating 
catheters, and an apparatus for carrying out the 
10 treatment of catheters. 

One of the main aims in the catheter ablation of 
myocardial tissue is to interrupt, by lesions of the 
upper layers of the heart tissue, regions of the 

15 conduction system that can have a negative effect on 
the cardiac action. The success .of a treatment depends, 
however, very substantially on whether the correct 
depth of lesion was achieved during the ablation. In 
this case, correct depth of lesion means in essence 

20 that the undesired regions disrupting the conduction 
system are removed, but that no further-reaching 
injuries are introduced. It is evident that with an. 
excessively small depth of lesion the success of 
treatment is endangered, whereas in some circumstances 

25 an excessively large depth produces very many 
relatively severe side effects. Since there are vessel 
walls running in the heart which may not be 
unnecessarily damaged, and also the tissue to be 
ablated is frequently only of a limited thickness, in 

30 the event of excessively large depths of the lesions it 
is even possible for lethal accidents to occur because 
of severed heart walls or heart vessels. An attempt has 
therefore been made in the case of conventional 
ablation methods to estimate the optimum depth of 

35 lesion by the synchronous recording of ECG signals on 
the occurrence of success in treatment. However, in 
this case the irradiated high-frequency energy was 
exceptionally detrimental to the recording of these 
signals, and an attempt was undertaken to mitigate such 
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influences by means of appropriate electrical or 
electronic filters in the downstream equipment. However 
these attempts had • only limited success, or none. 
Producing the irradiated power led to extremely long 
5 treatment times which are in the range of several hours 
and in this case both subject the patient to 
substantial stress and are unable to reliably prevent 
slippage of the ablation catheter. Furthermore, lesion 
is no longer possible starting from a specific power, 
10 since the temperature generated no longer suffices for 
tissue coagulation. 

It is therefore the object of the invention to permit 
the recording of ECG signals during catheter ablation 
15 and, in particular, to improve the quality of the 
recorded ECG signals to such an extent as to permit 
medical statements with reference to cardiac action. 

This object is achieved by the invention in an 
20 exceptionally surprising way with the aid of a catheter 
according to Claim 1 or 2 9, a method for catheter 
treatment according to Claim 10, and an apparatus for 
catheter treatment according to Claim 26. 

25 The inventor surprisingly followed a completely 
different path than has previously been the case in the 
known prior art. 

Instead of subjecting the recording equipment to change 
30 or an attempt at improvement, the cause of interference 
in the recording of the ECG signals were reduced or 
even completely eliminated. 

The inventor was the first to find out that the cause 
35 of the electrical interference in the ECG recording 
during simultaneous irradiation of high-frequency 
energy essentially resides not in the leads to and from 
the catheter electrodes, not in the electronic 
recording devices and, in particular, not in their 
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input filters, but in electrical interference centres 
in the region of the surface of the ablation or mapping 
electrodes. 

5 This finding was all the more surprising since every 
investigated ablation catheter with platinum electrodes 
exhibited such electrical interference centres, and 
after their reduction or removal, essentially after 
their removal from the electrode surface, was virtually 
10 or completely free from the undesired interference 
previously described. 

In accordance with the invention, in the case of a 
catheter for the ablation of biological, in particular 

15 animal or human, tissue, preferably for the ablation of 
human myocardial tissue, having at least one ablation 
or mapping electrode, this at least one ablation or 
mapping electrode has a reduced number of electrical 
interference centres. For example, this improves the 

20 disturbed ECG recordings illustrated in Figures 5 and 6 
in such a way that the signals illustrated in Figure 7 
or 9 can be obtained. It was also established, 
surprisingly, that the ECG signals were substantially 
improved even without an applied high frequency, that 

25 is to say exhibited distinctly fewer interference 
signals . 

In a particularly advantageous way, the electrical 
interference centres which generate electric signals 

30 during the output of high-frequency energy to the at 
least one ablation or mapping electrode and which are 
essentially arranged on surface regions of the at least 
one ablation or mapping electrode are reduced in their 
number, areal extent and/or electrical effect. This 

35 results in a removal or electrical deactivation of the 
influence of these interference centres . 

A particularly effective method for achieving the above 
successes consists in that the at least one ablation or 
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mapping electrode has an electrolytically treated 
surface . 

In this electrolytic treatment, that is to say a 
5 treatment with the aid of an electrolyte and an applied 
voltage or impressed current, it is particularly 
advantageous when the treatment is carried out with a 
solution containing halogen ions, in particular 
chlorine ions, because then it is possible to observe 
10 atomic rearrangement processes on the metal surface, in 
particular on the platinum surface, which lead to an 
altered surface structure which has the desired 
positive properties. 

15 It was frequently to be observed after this treatment 
that structures of the surface of the at least one 
ablation or mapping electrode have a rounded surface 
structure whose edges have a radius of more than 
approximately 500 nm, preferably of more than 100 nm, 

20 but at least more than 10 nm, and it is suspected that 
these surface changes already cause at least a portion 
of the reduction in the electrical interference centres 
or their effects . 

25 It could be established after the treatment, with the 
aid of optical investigations of the discolorations of 
a platinum ablation electrode surface, -for example, 
that the at least one ablation or mapping electrode 
comprises a metal whose atoms are present at the 

30 surface in a fashion bound at least partially 
atomically or in an amorphous and essentially 
non-crystalline manner. It is assumed by virtue of this- 
rearrangement or electrolytic deposition by galvanic 
deposition processes that electric potentials present 

35 at the surface are compensated, for example, by grain 
boundaries in the metal, which is present in 
crystalline form, and that after the treatment 
according to the invention it is possible to balance 
out even microscopic electric crystalline potential 
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differences, regions with field strength maxima or 
microscopically different reactive capabilities at the 
electrode surface. This mitigates the phenomena 
occurring, for example, during the output of HF energy, 
5 which are ascribed without limitation of the generality 
or the scope of the invention to locally differing 
ionic mobility, the point being that there is no longer 
any "turning on" by more strongly bound or less mobile 
polar ions which would cause the formation of electric 

10 potentials that are superimposed on the ECG signal. The 
ions which now move virtually identically at all 
locations on the surface of the ablation or mapping 
electrode no longer generate local field strength 
differences and also no longer disturb the ECG 

15 recording. 

It is therefore assumed that, when the catheter 
advantageously comprises a platinum ablation or mapping 
electrode, the surface of an ablation or mapping 

20 electrode is coated at least partially with elementary 
platinum. It is, however, also within the scope of the 
invention for such an atomic, essentially 
non-crystalline of amorphous coating also to be 
produced, for example, using electroplating deposition 

25 techniques or generally known techniques for coating or 
plating . 

It then results in an advantageous way that the surface 
of the at least one ablation or mapping electrode 
30 comprises regions with deposited metal present 
essentially in an amorphous manner or atomically. 

In the case of the method for producing a catheter with 
improved electrical properties, in the case of which 
35 method the catheter comprises at least one ablation or 
mapping electrode, the ablation or mapping electrode, 
of the catheter, that is to be treated is immersed in a 
solution which contains ions whose motion can be 
influenced by an electric field; this is advantageously 
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achieved by virtue of the fact that an electric voltage 
which generates the motion of the ions is applied 
between the ablation or mapping electrode, of the 
catheter, that is. to be treated and a further electrode 
5 in contact with the solution. The ions to be moved onto 
the catheter electrode surface strike there and, both 
with the aid of their electric fields and, for example, 
their dipole moment or energy potentials of the atomic 
or molecular electron cloud and their kinetic energy, 
10 create interactions at the metal surface which 
measurably give rise to the desired electrical 
.consequences of the atomic rearrangement or deposition. 

The method can be carried out with particular advantage 
15 when the solution contains NaCl in a range from 0.1 to 
100 g/1. Furthermore, there is a particularly preferred 
range when the solution contains NaCl in an amount of 
approximately 7 g/1. 

2 0 Depositions at the ablation or mapping electrode 
surface are achieved, for example, whenever the 
solution contains ions of a metal salt. Prior surface 
treatments, for example in the case of platinum-iridium 
catheters, have aimed at enlarging the surface, that is 

25 to say precisely to create structures that are not too 
smooth but rough, having a surface that is larger 
approximately by the factor 1000; however, the 
invention proceeds, with surprising success, precisely 
along the opposite path. 

30 

Good results are achieved with the aid of an applied AC 
voltage containing components which have a frequency of 
more than 0.01 Hz and less than 10 kHz. The 
particularly preferred frequency range extends from 1 
35 to 100 Hz and is most strongly preferred to be at about 
10 Hz. 

Good results are achieved when the applied AC voltage 
is in a range from 0.1 to 100 V ef f . The range most 
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strongly preferred results when the applied AC voltage 
is at 3 to 7 V e ff. 



Instead of an applied voltage, it is also possible to 
5 impress an AC current which generates a voltage having 
the properties set forth above on the ablation or 
mapping electrode and the further electrode. The best 
results follow in this case when the AC voltage has, 
per ablation or mapping electrode, a current intensity 
10 of from about 1 mA e ff to 1 A e ff, preferably from 30 to 
100 mAeff. 



An advantageous apparatus for catheter treatment 
comprises a vessel for holding electrolytic solution 

15 and regions of the catheter as well as, during the 
conduct of the catheter treatment, an electrolytic 
solution, and a connection device for connecting at 
least one ablation or mapping electrode of the catheter 
and a further electrode to a voltage-generating or 

20 current-generating unit, in the case of which apparatus 
the ablation or mapping electrode and the further 
electrode can be wetted by the electrolyte during the 
conduct of the treatment. 

25 In the case of a compact, transportable embodiment that 
can be used on site directly before treatment, the 
voltage-generating or current-generating unit is an 
internal unit mechanically connected to the vessel. 

30 In the case of a cost-effective stationary apparatus, 
the voltage-generating or current-generating unit is an 
external unit not mechanically connected to the vessel, 
for example an external laboratory voltage generator. 

35 The invention is explained in more detail below with 
the aid of preferred embodiments and with reference to 
the attached drawings, in which: 
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Figure 1 shows a schematic illustration of an 
apparatus for treating ablation catheters, 

Figure 2 shows a schematic illustration of an 
apparatus for measuring simulated ECG signals 
5 with and without irradiated high-frequency 

energy, 

Figure 3 shows a simulated ECG signal, as mapping 
signal, before electrode treatment without 
applied high-frequency energy, 

10 Figure 4 shows a simulated ECG signal, as mapping 
signal, after electrode treatment without 

applied high-frequency energy, 

Figure 5 shows interference in the simulated ECG 
signal in the case of fast, non-pulsed power 

15 regulation of the output high-frequency 

energy for a non-treated ablation catheter, 
Figure 6 shows interference in the simulated ECG 
signal in the case of fast, pulsed power 
regulation of the output high-frequency 

20 energy for a non-treated, quadrupole ablation 

catheter with cylindrical platinum ablation 
electrodes each 4 mm long, 
Figure 7 shows a simulated ECG signal in the case of 
fast, non-pulsed power regulation of the 

25 output high-frequency energy for the 

quadrupole ablation catheter with cylindrical 
platinum ablation electrodes, each 4 mm long, 
from Figure 6 after its treatment, 
Figure 8 shows interference in the simulated ECG 

30 signal in the case of fast, pulsed power 

regulation of the output high-frequency 
energy for a non-treated ablation catheter 
with a cylindrical platinum ablation 
electrode 4 mm long, and three further 

35 mapping electrodes, 

Figure 9 shows a simulated ECG signal in the case of 
fast, pulsed power regulation of the output 
high-frequency energy for the non-treated 
ablation catheter from Figure 8 with a 
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cylindrical platinum ablation electrode 4 mm 

long, and three further mapping electrodes 

after its treatment, 
Figure 10 shows an electron microscope photograph of 
5 the platinum surface of the ablation 

electrode of a non-treated ablation catheter 

with 1 960-fold magnification, 
Figure 11 shows an electron microscope photograph of 

the platinum surface of the ablation 
10 electrode of the non-treated ablation 

catheter from Figure 10 with 6 160-fold 

magnification, 

Figure 12 shows an electron microscope photograph of 
the platinum surface of the ablation 
15 electrode of the ablation catheter from 

Figure 10 with 2 040-fold magnification after 
its treatment, 

Figure 13 shows an electron microscope photograph of 
the platinum surface of the ablation 
20 electrode of the ablation catheter from 

Figure 10 with 6 080-fold amplification after 
its treatment, 

Figure 14 shows an AFM (atomic force microscopic) or 
force microscopic plot of a surface region of 
25 size 10 times 10 |um of an untreated platinum 

ablation electrode, and 

Figure 15 shows an AFM or force microscopic plot of a 
surface region of size 10 times 10 um of a 
treated platinum ablation electrode. 

30 

The invention is described below in more detail and 
with reference to the attached drawings. 

Reference is firstly made to Figure 1 from there may be 
35 gathered a generator 1, which is connected to a 
catheter 2, and a vessel 3 filled with electrolyte. 



In the example from Figure 1, the catheter is provided 
with at least one ablation or mapping electrode, which 
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is connected to the generator 1 via a supply lead El, 
and with a further electrode, which is connected to the 
generator 1 via a supply lead E2 . The further electrode 
can be a mapping or an ablation electrode. 

5 

Suitable as catheters for carrying out the invention 
are essentially all known ablation catheters, in 
particular catheters with platinum electrodes, and the 
following specified catheters, for example, were used 
10 successfully in the investigations of the inventor: 

1. BARD Sidewinder Catheter S/N: 17009000 

2. BARD Sidewinder Catheter S/N: 1300013000 

3. Cordis Webster Catheter Internal S/N: CW1 

4. Cardiac Pathways Catheter S/N: G709313 

15 5. Biotronic Catheter: AlCath Twin (non-ablation 
catheter, fractal Pt/Ir surface) 

6 . BARD Stinger Distal Tip ablation catheter 4mm Tip 

7 . BARD Stinger Distal Tip ablation catheter 8mm Tip 

8. Biotronic Catheter AlFractal, Distal Tip 
20 Ablation catheter (fractal Pt/Ir surface) 

Use was made as generator 1 of a conventional 
laboratory alternating current generator which could 
generate frequencies in the range from 0.01 Hz to 
25 10 kHz. During the treatment of the catheter 1, which 
had platinum electrodes in the present embodiment, 
voltages were applied in a frequency range from 1 to 
100 Hz, preferably at 10 Hz, whose root-mean-square 
voltages were in a range from 0.1 to 100 V ef f . 

30 

A particularly preferred range was from 1 to 10 V e f f/ 
and the most preferred AC voltage range was from 3 to 
7 V e ff. As alternative to the voltage generator, it was 
possible to use a current generator which was regulated 
35 in the range from 1 mA e ff to 1 A e ff, preferably in a 
range from 30 to 100 mA eff , this current intensity being 
applied per ablation or mapping electrode. 
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This voltage or this current was generated between the 
at least one ablation or mapping electrode of the 
catheter 2 and the further electrode, connected via the 
supply lead E2, or was generated between the electrode 
5 connected via the supply lead El and a further 
electrode 4 in contact with the electrolytic solution 
5, the catheter 2 having been immersed with the 
electrodes to be treated in the electrolytic solution 
5 . 

10 

These voltages or current intensities were applied over 
a current period of from approximately 1 second to 
several minutes, it being possible for measurements in 
the set-up illustrated in Figure 2 to show that a 
15 saturation could be achieved in each case which was 
accompanied by the virtually complete disappearance of 
interference signals. Thereafter, further treatment no 
longer yielded noticeable advantages. 

20 Furthermore, it was also possible to treat more than 
one ablation or mapping electrode at the same time, for 
example in the case of a catheter comprising four 
ablation electrodes in the case of which only the 
required current intensity rose, in order to produce 

25 the same positive effect in the same time period for a 
plurality of electrodes. It was possible in this case 
to apply voltages, or to impress currents, both to 
neighbouring catheter electrodes and to the further 
electrode 4 . 

30 

Use was made as electrolytic solution of a halogen-ion^ 
containing solution which preferably contained chlorine 
ions and, in a way most preferred, an NaCl solution. 

35 The concentration of an NaCl solution was in a range 
from 0.1 to 100 grams per litre and was preferably 
approximately 7 grams per litre, which corresponds 
approximately to a physiological sodium chloride 
solution. For lower concentrations, only longer 
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treatment times resulted in conjunction with 
approximately equally good results. 

The catheters were essentially left in the electrolytic 
5 solution 5 until the desired current-reducing value of 
the signal transmission quality referred to the ECG 
signal was yielded upon application of AC voltage at 
high frequency. 

10 In order to check the result, use was made of the 
set-up illustrated in Figure 2, which included a vessel 
6 which had a physiological NaCl solution and in which 
the catheter 2 was arranged in such a way that its 
ablation or mapping electrode was completely wetted by 

15 the NaCl solution, while the catheter 2 was also 
connected to a conventional high-frequency generator 7 
which was used to feed the ablation electrode of the 
catheter 2 with the high-frequency energy values 
typical of ablation. 

20 

The HF field was generated by the HF generator 7 
between the ablation electrode of the catheter 2 and a 
reference electrode 8, and in this way represented to a 
very good approximation a situation such as also 
25 obtains in the human heart, for example. 

An ECG simulator 9 was used to generate voltage signals 
which corresponded to a very good approximation to the 
electric voltages output by the human heart, both in 
30 terms of level and of their time profile. 

The catheter 2 was also connected to a high-frequency 
filter 10 which filtered out the high-frequency signal 
components fed in by the HF generator 7 . Such filter 
35 arrangements are well known to the person skilled in 
the art and can correspond, for example, to the input 
filters used in the QuadraPulse unit from AD 
Electronic . 
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The ECG signal obtained, as tapped from the catheter, 
in particular from its mapping electrode, or even its 
ablation electrode, was then fed to an ECG monitor 11 
such as is marketed, for example, by Physiocontrol 
5 under the designation of LIFEPAK 10 or by Bard as 
EP-Labor system. 

The results obtained are explained in more detail below 
with reference to Figures 3 to 9 . 

10 

As long as no high-frequency energy or high-frequency 
. voltage was. fed to the catheter electrodes, Figures 3 
and 4 prove that the recording of the ECG signals could 
be undertaken virtually without interference. 

15 

However, if the level of the high-frequency voltage or 
the amount of irradiated high-frequency energy is 
regulated during the ECG recording, as is the case 
during a real ablation procedure on the patient, 
20 voltages arise which vary virtually linearly in 
proportion to the irradiated energy and are 
illustrated, for example, in Figure 5. 

Regulation of the output energy in the course of a 
25 power regulation of the irradiated high-frequency 
energy therefore always leads to superimposition of 
interference signals on the ECG signals, which renders 
it impossible, as a rule, for the physician to make a 
statement on the success of treatment or the current 
30 condition of the heart. 

Even more difficult is the situation in the case of 
pulsed power regulation, as illustrated in Figures 6 
and 8, in which figures it is virtually no longer 
35 possible to detect any components of the ECG signal at 
all. 

The high-frequency power irradiated in the case of 
these experiments was from approximately 1 to 50 W, as 
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is entirely normal for high-frequency catheter ablation 
in human hearts . 

However, if an ablation catheter was treated in the way 
5 described above, it was possible in conjunction with 
the same experimental set-up to reduce the superimposed 
interference down to a value virtually no longer 
measurable, in any case by a factor of more than ten, 
as is illustrated, for example, in Figures 7 and 9. 

10 

The ECG result illustrated in Figure 7 corresponds 
essentially _ to. the set-up and the respective values 
which lead in the case of an untreated catheter to the 
results shown in Figure 5, while the results 
15 illustrated in Figure 9, which were obtained with a 
catheter treated according to the invention, 
corresponded to those which were shown in Figures 6 and 
8 for the untreated catheter. 

20 The experimental set-up, identical per se in each case, 
which differed only in whether the catheter was used 
directly as marketed by the respective manufacturer or 
whether it was treated in the way according to the 
invention, proves the great success of the present 

25 invention unambiguously. 

The catheters according to the invention therefore have 
on their electrode surfaces fewer electric or 
electronic interference centres which can generate the 
30 superimposed signals. The measure of the reduction in 
interference is therefore a measure of the presence or 
the reduced or diminished presence of such interference 
centres. 

35 It is assumed without limitation of generality and 
without limiting the invention that the generation of 
such signals superimposed on the ECG signal is due to 
local adhesion sites or local extremes in the electric 
field strength on the surface of the catheter, at which 
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ions or molecules of dipole moment can be bound with 
differing strength or accelerated, and can then, upon 
application of the HF voltage or HF energy, generate, 
because of the different mobility, a voltage signal 
5 which is superimposed on the ECG signal. 

The electron microscope photographs illustrated in 
Figures 10 to 13 were obtained in order to provide 
proof of such behaviour: as in the case of Figures 10 
10 and 11, for example, they show that the catheter 
surface, initially sharp edged in the microstructure 
region, has soft roundings and fewer sharp ridges or 
furrows after the electrolytic treatment. 

15 The mechanical smoothing alone can reduce the 
mechanical friction of the ions on the surface, thus 
diminishing interference centres brought about thereby 
which are mechanically caused but electrically active. 

20 Furthermore, it was possible by optical investigations 
to prove the deposition or the presence of elementary 
platinum on the treated surface of the ablation or 
mapping electrode. This led to the assumption that 
crystalline grain boundaries or other suitable surface 

25 regions of the platinum, for example regions with sharp 
edges and high electric field strengths, are affected 
by the attack of the chlorine ions and platinum or 
metal atoms can be dissolved out. Platinum atoms can 
become detached from the metallic crystalline compound 

30 and be rearranged in an amorphous manner by the kinetic 
energy and/or the potentials of the electron cloud of 
the chlorine ions . 

A virtual detachment, that is to say a migration in the 
35 bound state of the platinum atom, also results in 
release of the atom from the crystal compound, and its 
rearrangement. 
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The rounded tips of the treated surface, which are 
exposed to increased attack, can also be explained 
thereby, the point being that attack from several sides 
can take place precisely in these regions . 

5 

A further alternative explanation consists in that the 
halogen ions cause the ion milling known from the 
vacuum processing of semiconductors, in the case of 
which mechanical removal takes place at the surface. 

10 

The difference caused by the treatment also become very 
particularly clear on the force microscopic plots which 
show, for example in Figure 14, the untreated surface 
with pin-like extensions and sharp ridges and, in the 
15 case of the treated surface which is illustrated in 
Figure 15, a entirely smooth surface without pin-like 
extensions . 

This migration of platinum atoms can also compensate 
20 potentials present at the surface, for example at grain 
boundaries, or field strength maxima in such a way that 
even the effective electrical influence of such 
solid-state potentials or field strength maxima can be 
drastically reduced. 

25 

It is therefore possible to reduce not only the areal 
extent of the electrical interference centres present 
before the treatment, but also their electrical effect. 

30 The inventors also found out that in many cases 
associated with a treated catheter structures of the 
surface of the ablation or mapping electrode no longer 
have sharp edges, that is to say very small radii of 
curvature. In a surface section with a length, width or 

35 height of less than 10 um, the edges present had a 
radius of more than approximately 10 to 50 una. 

Sharper edges or smaller radii are either regularly 
reduced in number or no longer occur at all. In 
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accordance with the invention, most radii of curvature 
of the edges were more than approximately 500 nm, 
preferably more than 100 nm, but at least more than 
1 0 nm . 

5 

It is also within the scope of the invention for metal 
salts to be dissolved instead of the halogen ions or in 
addition to the halogen-ion-containing electrolytic 
solution, in order in this way to achieve an 
10 electroplating amorphous deposition of metal atoms on 
the metallic ablation or mapping electrode. 

It may be pointed out that catheters treated according 
to the invention exhibit a clearly improved signal 

15 quality, that is to say substantially smaller 
interference signals, even without applied 

high-frequency energy. This improvement is not limited 
to ablation electrodes, but can also be used 
successfully in the case of mapping electrodes or 

20 mapping catheters. 
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Claims 

1. Catheter for the ablation of biological, in 
particular of animal or human, tissue, preferably for 

5 the ablation of human myocardial tissue, having at 
least one ablation or mapping electrode, characterized 
in that the at least one ablation or mapping electrode 
has a reduced number of electrical interference 
centres . 

10 

2. Catheter according to Claim 1, characterized in 
that the electrical interference centres, which, 
generate electric signals particularly during the 
output of high-frequency energy to the at least one 

15 ablation or mapping electrode, are essentially arranged 
on surface regions of the at least one ablation or 
mapping electrode, and are reduced in their number, 
areal extent and/or electrical effect. 

20 3. Catheter according to Claim 1 or 2, characterized 
in that the at least one ablation or mapping electrode 
has an electrolyt ically treated surface. 

4. Catheter according to Claim 1, 2 or 3, 
25 characterized in that the at least one ablation or 
mapping electrode has an electrolytically treated 
surface which is treated with a solution containing 
halogen ions, in particular chlorine ions. 

30 5. Catheter for the ablation of biological, in 
particular of animal or human, tissue, preferably for 
the ablation of human myocardial tissue, having at 
least one ablation or mapping electrode, in particular 
according to one of the preceding claims, characterized 

35 in that structures of the surface of the at least one 
ablation or mapping electrode have a rounded surface 
structure whose edges or tips preferably have a radius 
of curvature of more than approximately 500 nm, with 
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particular preference of more than 100 nm, and most 
preferably of more than 10 nm. 

6. Catheter according to one of the preceding claims, 
5 characterized in that the at least one ablation or 

mapping electrode comprises a metal whose atoms are 
present at the surface in a fashion bound at least 
partially atomically or in an amorphous and essentially 
non-crystalline manner. 

10 

7. Catheter according to one of the preceding claims, 

characterized in that at - least one ablation or mapping 

electrode comprises platinum. 

15 8. Catheter according to Claim 7, characterized in 
that the surface of the at least one ablation or 
mapping electrode is coated at least partially with 
elementary platinum. 

20 9. Catheter according to one of the preceding claims, 
characterized in that the surface of the at least one 
ablation or mapping electrode comprises regions with 
deposited metal present essentially in an amorphous 
manner or atomically. 

25 

10. Method for producing a catheter with improved 
electrical properties, preferably a catheter in 
accordance with one of the preceding claims, in the 
case of which method the catheter comprises at least 

30 one ablation or mapping electrode, characterized in 
that the ablation or mapping electrode, of the 
catheter, that is to be treated is immersed in a 
solution which contains ions whose motion can be 
influenced by an electrical field, and an electric 

35 voltage is applied between the ablation or mapping 
electrode, of the catheter, that is to be treated and a 
further electrode in contact with the solution. 
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11. Method according to Claim 10, characterized in 
that the further electrode is an electrode of the 
catheter . 

5 12. Method according to Claim 10, characterized in 
that the further electrode is an external electrode . 

13. Method according to one of the preceding claims, 
characterized in that the solution contains halogen 
10 ions. 

.. . . 14. Method .... according to Claim . 13, characterized in 
that the solution contains chlorine ions. 

15 15. Method according to one of the preceding claims, 
characterized in that the solution contains NaCl in a 
range from 0.1 to 100 g/1. 

16. Method according to Claim 15, characterized in 
20 that the solution contains NaCl in an amount of 

approximately 7 g/1. 

17. Method according to one of the preceding claims, 
characterized in that the solution contains ions of a 

25 metal salt. 

18. Method according to one of the preceding claims, 
characterized in that the applied voltage is an AC 
voltage . 

30 

19. Method according to Claim 18, characterized in 
that the applied AC voltage contains components which 
have a frequency of more than 0.01 Hz and less than 
10 kHz. 

35 

20. Method according to Claim 18 or 19, characterized 
in that the applied AC voltage contains components 
which are in a frequency range from 1 to 100 Hz, 
preferably at 10 Hz. 
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21. Method according to one of the preceding claims, 
characterized in that the applied AC voltage is in a 
range from 0.1 to 100 V ef f . 

5 

22. Method according to Claim 20, characterized in 
that the applied AC voltage is in a range from 1 to 
10 V eff . 

10 .23. Method according to Claim 20, characterized in 
that the applied AC voltage is at- 3 to 7 V e ff. 

24. Method according to one of Claims 10 to 17, 
characterized in that an AC current which generates a 
15 voltage having the properties set forth in Claims 18 to 
23 is impressed on the ablation or mapping electrode 
and the further electrode. 

2 5 . Method according to Claim 24 , characterized in 
20 that the AC voltage has, per ablation or mapping 
electrode, a current intensity of from 1 mA eff to 1 A eff , 
preferably from 30 to 100 mA e f f . 

26. Apparatus for catheter treatment, in particular 
25 for carrying out a method according to Claims 10 to 25, 

comprising a vessel for holding electrolytic solution 
and regions of the catheter as well as, during the 
conduct of the catheter treatment, an electrolytic 
solution, and a connection device for connecting at 

30 least one ablation or mapping electrode of the catheter 
and a further electrode to a voltage-generating or 
current-generating unit, in the case of which apparatus 
the ablation or mapping electrode and the further 
electrode can be wetted by the electrolyte during the 

35 conduct of the treatment. 

27. Apparatus for catheter treatment according to 
Claim 26, in the case of which the voltage-generating 
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or current-generating unit is an internal unit 
mechanically connected to the. vessel. 

28. Apparatus for catheter treatment according to 
5 Claim 2 6, in the case of which the voltage-generating 

or current-generating unit is an external unit not 
mechanically connected to the vessel. 

29. Catheter for the ablation of biological, in"'. 
10 particular of animal or human, tissue, preferably for 

the ablation of human myocardial tissue, having at 
least one ablation or mapping electrode, characterized 
by being produced or treated in accordance with a 
method according to one of Claims 10 to 25. 



Abstract 

In order in the case of a catheter for the ablation of 
biological, in particular of animal or human, tissue, 
5 preferably for the ablation of human myocardial tissue, 
having at least one ablation or mapping electrode to 
permit the recording of ECG signals during catheter 
ablation and, in particular, to improve the quality of 
the recorded ECG signals to such an extent as to permit 

10 medical statements with reference to cardiac action, it 
is provided that the at least one ablation or mapping 
electrode has a reduced number of electrical 
interference centres. Furthermore, the invention 
provides methods and apparatuses with the aid of which 

15 conventional catheters can be treated in such a way 
that these interference centres are reduced. 
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Mapping signal before electrode treatment without 
applied high-frequency energy 
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Mapping signal after electrode 
applied high-frequency energy 



treatment without 



Muntermann 



-.« -Hi si.,;?i .n- 

!0/049« 



Figure 5 



Interference in the simulated ECG signal in the case of 
fast, non-pulsed power regulation of the output 
high-frequency energy for a non-treated ablation 
catheter 




interference in the simulated ECG signal in the case of 
fast, pulsed power regulation of the output 
hzgh-frequency energy for a non-treated, quadrupole 
ablatxon catheter with cylindrical platinum ablation 
electrodes each 4 mm long 
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Figure 7 




Simulated ECG signal in the case of fast, non-pulsed 
power regulation of the output high-frequency energy 
for the quadrupole ablation catheter with cylindrical 
platinum ablation electrodes each 4 mm long, from 
Figure 6 after its treatment 

Figure 8 




P/N 804700 



Interference in the simulated ECG signal in the case of 
fast, pulsed power regulation . N of the output 
high-frequency energy for a non-treated ablation 
catheter with a cylindrical platinum ablation electrode 
4 mm long, and three further mapping electrodes 
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Figure 9 



Simulated ECG signal in the case of fast, pulsed power 
regulation of the output high-frequency energy for the 
non- treated ablation catheter from Figure 8 with a 
cylindrical platinum ablation electrode 4 mm long, and 
three further mapping electrodes after its treatment 
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Figure 10 
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Electron microscope photograph of the platinum surface 
of the ablation electrode of a non- treated ablation 
catheter 
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Electron microscope phccograph of the plat mum surface 
of the ablation electrode of the non-treated ablation 
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Electron microscope photograph of the platinum' surface 
of the ablation electrode of the ablation catheter from 
Figure 10 
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Figure 13 
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Electron microscope photograph of the platinum surface 
of the ablation electrode of the ablation catheter from 
Figure 10 




10.00 yn 
ST tpo » n I 1.7*2 0 

r * fc * 1.001 Hz 




2 500,000 nw/dlu 



*ai3X7.000 

Force microscopic plot of a 10 times 10 Mm surface 
region of an untreated platinum ablation electrode 
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